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Abstract 

McQuillan  (1986)  has  identified  what  may  be  a  serious  flaw  in  the 
planning  process  used  by  the  USDA  Forest  Service.  The  problem, 
which  McQuillan  called  the  declining  even  flow  effect  (DEFE) ,  can 
occur  during  repeated  iterations  of  a  planning  process  using  a  tim- 
ber harvest  scheduling  model  whose  objective  is  wealth  maximiza- 
tion subject  to  nondeclining  yield  constraints.  The  DEFE  creates  a 
situation  in  a  sequence  of  plans  over  time  where  the  first-period  har- 
vest level  declines  below  that  attained  for  previous  planning  itera- 
tion analysis.  This  report  addresses  the  relationship  between  the 
process  used  by  the  Forest  Service  to  develop  FORPLAN  models  and 
the  DEFE.  An  example  using  Kootenai  National  Forest  planning  docu- 
ments illustrates  the  highly  constrained  nature  of  Forest  Service  plan- 
ning models.  The  effect  of  these  constraints  and  other  characteristics 
of  FORPLAN  models  on  the  DEFE  is  examined.  Two  items  common 
to  nearly  all  forest  planning  models — a  land  base  that  is  not  entirely 
old-growth  and  constraints  to  assure  that  the  40-acre  clearcut  limit 
is  not  violated — caused  a  large  reduction  in  the  DEFE  observed  in  a 
FORPLAN  version  of  McQuillan's  case  study  model.  However,  one 
characteristic  of  Forest  Service  planning  models,  the  use  of  intermedi- 
ate harvest  options,  which  plausibly  could  have  reduced  the  DEFE, 
did  not.  The  opportunity  cost  associated  with  imposing  a  first-period 
harvest  floor  to  eliminate  the  DEFE  was  also  evaluated.  The  major 
conclusion  of  the  study  is  that  the  regulations,  initial  conditions,  and 
the  FORPLAN  model  formulations  all  tend  to  reduce  the  likelihood 
and  magnitude  of  the  DEFE. 


^Headquarters  is  in  Fort  Collins,  in  cooperation  with  Colorado  State  University. 
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INTRODUCTION 

The  Forest  Service  is  currently  nearing  completion  of 
the  first  iteration  of  planning  mandated  by  the  National 
Forest  Management  Act  (NFMA)  of  1976  (P.L.  94-588). 
After  the  press  of  deadlines  and  the  conflict  created  by 
specific  resource  decisions  has  abated,  an  important  ex- 
tension to  the  planning  process  will  be  to  evaluate  the 
planning  approach  applied  and,  specifically,  the  ana- 
lytical methods  used.  Much  of  the  recent  technical  liter- 
ature concerning  the  use  of  linear  programming  in 
harvest  scheduling  models  has  dealt  with  topics  that  are 
central  concerns  of  the  forest  planning  process  (e.g.,  Hof 
et  al.  1986,  1988;  Hoganson  and  Rose  1987;  Paredes  and 
Brodie  1988;  Pickens  and  Dress  1988). 

The  research  presented  in  this  report  addresses  a  para- 
doxical phenomenon  originally  identified  and  demon- 
strated by  McQuillan  (1986),  which  he  called  the 
declining  even  flow  effect  (DEFE);  namely,  a  planning 
process  that  is  repeated  periodically  (e.g.,  every  10  years 
in  the  Forest  Service  case)  and  is  conducted  using  a  har- 
vest scheduling  model  with  a  wealth  (present  net  value) 
maximizing  objective  and  nondeclining  yield  constraints 
does  not  generally  lead  to  a  nondeclining  sequence  of 
timber  harvests.  The  divergence  from  nondeclining  yield 
occurs  when  the  forest  plan  is  revised  and  the  chosen 
harvest  level  in  the  first  cutting  period  is  less  than  the 
harvest  implemented  under  the  previous  plan.  The  DEFE 
would  be  expected  to  be  most  severe  for  a  forest  made 
up  entirely  of  old-growth  stands.  Under  this  scenario, 
the  model  would  choose  to  harvest  the  most  profitable 
stands  early  in  the  planning  horizon,  while  deferring 
harvest  on  less  profitable  stands  until  later.  This  harvest- 
ing sequence  is  dictated  by  the  low  or  negative  growth 
rate  of  old-growth  stands,  the  effect  of  discounting,  and 
the  opportunity  cost  associated  with  highly  productive 
lands  being  occupied  by  stands  with  little  or  no  growth. 

In  addition,  it  is  likely  that  unprofitable  stands  will 
be  scheduled  for  harvest  at  some  point  in  the  future  to 
satisfy  the  nondeclining  yield  constraints.  This  occurs 
because  the  discounted  cost  of  scheduling  negatively 
valued  stands  several  decades  into  the  future  is  more 
than  offset  by  the  increased  value  associated  with  har- 
vesting the  higher  valued  stands  during  the  early  peri- 
ods of  the  planning  horizon.  Essentially,  the  model  can 
choose  to  bridge  the  gap  between  accelerated  early  har- 
vest of  profitable  existing  stands  and  future  harvest  of 
regenerated  stands  with  timber  that  cannot  be  harvest- 
ed at  a  profit. 

The  declining  harvest  level  between  time  periods  oc- 
curs when  the  forest  plan  is  revised  during  a  future  iter- 
ation of  planning.  At  this  point,  some  of  the  profitable 


harvests  have  been  implemented,  which  leaves  less 
short-term  gain  to  be  balanced  against  future  losses 
resulting  from  cutting  unprofitable  stands.  This  leads  to 
a  first-period  harvest  calculated  for  the  revised  plan  that 
is  less  than  the  harvest  in  the  previous  cutting  period. 
Thus,  the  Forest  Service  is  presented  with  two  options, 
either  (1)  to  incur  unplanned,  immediate,  and  repeated 
departures,  or  (2)  to  place  a  floor  on  first-period  timber 
harvest  that  will  lead  to  harvest  levels  higher  than  the 
economics  in  the  harvest  scheduling  model  would  other- 
wise indicate.  Either  option  is  difficult  to  defend,  and 
the  option  of  repeatedly  applying  a  constraint  on  first- 
period  harvest  would  lead  to  the  early  harvest  of  the 
negatively  valued  stands  in  some  later  planning  itera- 
tions. The  concern  for  the  agency  as  it  concludes  the  first 
iteration  of  planning  is  the  extent  of  the  DEFE  that  can 
be  expected  as  future  iterations  of  planning  and  analy- 
sis are  conducted. 

The  Forest  Service  planning  process  is  distinctly 
different  from  the  situation  presented  in  the  case  study 
and  discussion  of  McQuillan  in  three  ways.  The  first  and 
most  important  difference  is  that  McQuillan  considers 
a  timber  only,  profit-oriented  enterprise  with  nondeclin- 
ing yield  constraints,  while  the  multiple-use  require- 
ments of  the  Forest  Service  planning  process  result  in 
the  imposition  of  numerous  additional  constraints  on  the 
individual  FORPLAN  models.  Although  these  con- 
straints vary  widely  from  model  to  model,  certain  re- 
quirements are  represented  similarly  in  most  models  and 
may  affect  the  DEFE.  In  addition,  special  constraints  are 
often  applied  to  address  specific  issues  on  each  forest, 
and  these  constraints  may  also  affect  the  DEFE.  Exam- 
ples include  constraints  imposed  to  meet  management 
requirements  for  a  wide  range  of  predominantly  nonmar- 
ket  concerns  (e.g.,  sediment,  erosion,  scenic  attributes), 
endangered  species  (e.g.,  grizzly  bear,  spotted  owl),  and 
those  designed  to  address  multiple-use  issues  specific 
to  a  forest  (e.g.,  wilderness  areas,  recreational  de- 
velopment). 

The  second  distinction  between  McQuillan's  (1986) 
case  study  and  forest  planning  models  is  the  set  of  op- 
tions available  for  management  of  the  land  base.  McQuil- 
lan considered  only  clearcutting  prescriptions  with  no 
intermediate  cuts  or  alternative  regeneration  harvests. 
However,  in  many  forest  planning  models  used  by  the 
Forest  Service,  shelterwood  and  selection  options  are 
also  considered.  In  addition,  thinnings  are  incorporat- 
ed in  many  prescriptions,  and  these  intermediate  cuts 
can  result  in  increased  flexibility  for  satisfying  non- 
declining  yield  constraints  within  a  given  model.  It  is 
not  immediately  clear  if  the  presence  of  intermediate 
cuts  will  increase  or  reduce  the  DEFE — this  depends  on 


1 


the  economic  characteristics  of  the  thinnings,  the  rela- 
tive numbers  of  positively  and  negatively  valued  stands 
available,  and  the  magnitude  of  present  net  value  as- 
sociated with  the  timber  land  base.  One  final  consider- 
ation is  that,  even  though  a  specific  stand  may  be  quite 
valuable,  harvesting  on  certain  lands  may  either  be 
spread  over  several  periods  or  delayed  until  later  peri- 
ods because  of  considerations  such  as  road  access. 

The  third  difference  between  McQuillan's  (1986)  ex- 
ample and  an  average  forest  planning  application  is  the 
age  structure  of  the  initial  forest.  McQuillan  considered 
a  forest  that  was  entirely  old-growth,  an  age  structure 
never  encountered  in  national  forests.  Most  forests  have 
been  managed  in  the  past  to  some  extent,  and  the  im- 
plicit goal  of  previous  management  was  to  regulate  the 
forest.  This  goal  resulted  in  forests  where  the  commer- 
cial forest  base  has  undergone  harvesting  for  several  de- 
cades. Although  the  areas  harvested  would  be  expected 
to  be  somewhat  smaller  than  those  resulting  from  regu- 
lation via  area  control,  substantial  portions  in  many 
cases  have  already  been  converted  from  old-growth  to 
managed  stands.  In  addition,  ecological  perturbations 
such  as  forest  fires  and  pathogen  infestations  often  add 
age  diversity  to  the  as  yet  unmanaged  portion  of  the 
forest.  As  can  be  seen  in  Hof  et  al.  (1986),  even  relative- 
ly small  shifts  in  initial  age  structure  of  the  forest  can 
result  in  significant  shifts  in  land  allocation  when  non- 
declining  yield  constraints  are  applied. 


FORPLAN  MODEL  FACTORS 
AFFECTING  THE  DEFE 

The  Highly  Constrained  Nature  of 
FORPLAN  Models 

To  help  understand  the  highly  constrained  nature  of 
forest  planning  models  developed  using  FORPLAN,  con- 
sider the  following  example  based  on  the  Kootenai  Na- 
tional Forest  planning  analysis.  Figure  B-14  (Haugen 
1987)  of  the  forest's  planning  document  will  be  used  to 
facilitate  this  discussion  and  is  reproduced  here  as  figure 
1.  This  figure  presents  the  changes  in  present  net  value 
observed  when  required  sets  of  constraints  are  added  and 
removed  during  the  process  of  FORPLAN  model  de- 
velopment. Concentrating  on  the  central  portion,  our 
analysis  starts  with  an  unconstrained  model  solution 
having  a  present  value  of  $2,083  million,  and  progress- 
es down  the  page  to  alternative  A  with  a  present  value 
of  $1,143  million,  indicating  that  the  constraints  need- 
ed to  represent  Forest  Service  regulations  in  the  analy- 
sis collectively  reduce  present  value  by  45%.  Thus,  such 
factors  as  nondeclining  yield,  restricting  regeneration 
harvests  to  occur  at  or  after  95%  of  culmination  of  max- 
imum mean  annual  increment,  and  minimum  manage- 
ment requirements  (MMR's)  have  a  large  influence  on 
the  forest's  management.  However,  the  important  ques- 
tion is  whether  the  DEFE  is  likely  to  be  fundamentally 
changed  by  the  constraints  applied,  or  whether  the  con- 
straints simply  reduce  the  DEFE  in  proportion  to  the 
reduction  in  harvest  levels. 


Our  discussion  focuses  on  the  minimum  management 
requirements  applied  to  this  model  and  on  their  expected 
impact  on  the  DEFE.  The  first  MMR  applied  related  to 
grizzly  bear  habitat  maintenance,  which  required  leav- 
ing large  areas  undeveloped.  If  the  model  was  allowed 
to  select  the  location  of  these  areas,  lands  with  poor  tim- 
ber economic  potential  would  likely  be  allocated  to  this 
use  because  of  the  wealth-maximizing  objective.  This 
would  decrease  the  number  of  negatively  valued  stands 
available  in  later  periods  for  balancing  early  profitable 
harvests.  Because  this  "balancing"  is  the  main  cause  of 
the  DEFE,  these  constraints  have  the  potential  to  reduce 
both  its  size  and  magnitude. 

The  next  MMR's  considered  in  figure  1  address  soil 
and  water  issues.  These  restrictions  on  land  use  have 
a  very  high  opportunity  cost  of  $566  million.  Many  of 
the  restrictions  in  this  class  would  involve  either  res- 
trictions on  certain  lands  (e.g. ,  stream  buffers  restricted 
from  harvest)  or  restrictions  concerning  spatial  and  tem- 
poral applications  of  allowable  timber  management  prac- 
tices (e.g.,  spatial  and  temporal  separation  of  harvesting 
activities).  These  restrictions  have  the  potential  to  signif- 
icantly reduce  the  DEFE,  because  the  spatial  and  tem- 
poral limitations  would  prevent  a  contiguous  block  of 
sensitive  land  from  being  completely  harvested  in  a  sin- 
gle cutting  period  (decade).  Although  specific  analysis 
areas  in  many  FORPLAN  models  are  not  necessarily  con- 
tiguous, they  generally  contain  large  contiguous  areas. 
The  constraints  would  tend  to  spread  the  harvests  out 
over  several  cutting  periods  on  these  areas.  In  addition, 
these  sensitive  areas  would  tend  to  be  near  streams,  and 
are  often  comprised  of  high-value  land  whose  early  ex- 
ploitation is  required  for  a  large  DEFE.  On  the  other 
hand,  an  examination  of  McQuillan's  case  study  shows 
that  most  of  each  analysis  area  was  clearcut  in  a  single 
cutting  period.  Thus,  his  case  study  has  far  more  oppor- 
tunity to  exploit  the  differences  between  stands  than  do 
forest  planning  models. 

The  magnitude  of  lost  present  net  value  associated 
with  the  final  MMR  category,  old  growth/diversity,  is 
quite  small  ($31  million),  and  it  is  not  clear  if  these  con- 
straints will  reduce  the  DEFE. 

The  final  point  of  interest  in  figure  1  is  the  reduction 
in  present  net  value  associated  with  application  of  non- 
declining  yield  constraints.  When  these  constraints  are 
applied  prior  to  the  MMR's,  a  high  opportunity  cost  is 
observed  ($202  million),  while  the  opportunity  cost  is 
much  less  when  the  constraints  are  applied  after  the 
MMR  restrictions  ($28  million).  Clearly,  in  objective 
function  value  terms,  the  MMR  restrictions  impact  har- 
vesting in  a  way  similar  to  that  of  nondeclining  yield. 
This  similarity  arises  primarily  from  the  spatial  and  tem- 
poral dispersion  of  management  actions  imposed  by  the 
MMR  restrictions.  This  would  suggest  that  the  DEFE 
would  not  be  expected  to  be  extreme  in  this  example. 

Note  that  the  above  discussion  deals  with  the  results 
of  only  one  forest  planning  analysis  and  model.  How- 
ever, similar  constraint  sets  are  common  to  most  forest 
planning  models,  and  some  of  these  constraints  will  al- 
ways distribute  the  liquidation  of  contiguous  forest  units 
over  time. 
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FORGONE  PNV  OF  THE  MAJOR  CONSTRAINTS 
EXPLORED  IN  THE  ANALYSIS 
(MMR's  and  Legal  Requirements) 
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Figure  1.— Figure  B-14  (part  1)  from  the  Kootenai  National  Forest  planning  documents  (Haugen 
1987).  This  figure  demonstrates  the  opportunity  cost  associated  with  constraint  sets  applied 
at  various  levels  of  the  FORPLAN  modeling  process. 


Additional  Restrictions  and  Constraints 
with  Direct  Effects  on  the  DEFE 

There  are  other  forest  planning  restrictions  and  con- 
straints that  affect  the  DEFE.  Before  running  FORPLAN, 
planners  are  required  to  analyze  the  economic  efficien- 
cy of  alternative  prescriptions  on  all  classes  of  timber- 
land.  Lands  considered  uneconomical  to  harvest  may  be 


excluded  at  this  time.  In  addition,  the  amount  of  nega- 
tive value  harvesting  on  any  analysis  area  may  be  res- 
tricted in  any  given  cutting  period  within  FORPLAN 
models.2 

2Jim  Merzenich  of  the  Region  6  Regional  Office  indicated  that  these 
options  or  similar  methods  have  been  used  in  forest  planning  situations 
in  Forest  Service  Regions  1  (Northern)  and  6  (Pacific  Northwest)  to  res- 
trict the  choice  of  negatively  valued  timber  harvests  in  the  future. 
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Another  reality  of  forest  planning  is  that  the  current 
situation  sometimes  dictates  much  of  what  will  be  im- 
plemented in  the  first  decade,  and  consequently,  the 
planning  process  creates  a  framework  where  near-term 
options  often  are  very  limited.  One  example  of  near-term 
restrictions  is  the  current  extensive  salvage  and  sanita- 
tion harvest  of  pine  bark  beetle  mortality  in  many  Rocky 
Mountain  forests.  Other  examples  are  the  explosion  of 
Mount  Saint  Helens  and  the  catastrophic  fires  of  the 
summer  of  1988.  In  such  cases,  management  actions  dur- 
ing the  first  decade  are  restricted  to  the  point  that  DEFE 
is  not  a  concern. 

The  only  important  constraints  remaining  to  be  dis- 
cussed in  terms  of  their  impact  on  the  DEFE  are  those 
included  to  assure  that  the  maximum  size  of  a  regener- 
ation harvest  (e.g.,  clearcut,  shelterwood,  or  seed  tree) 
is  40  acres  or  less  (100  acres  or  less  in  Alaska).  These 
constraints  appear  in  most  FORPLAN  models  because 
they  are  required  by  the  NFMA.  They  can  be  formulat- 
ed in  a  variety  of  ways,  the  most  common  being  to  re- 
quire that  not  more  than  a  certain  amount  of  each 
analysis  area  can  be  regeneration  harvested  in  a  certain 
cutting  period.  If  analysis  areas  are  spatially  located  in 
large  contiguous  blocks  of  land,  this  restriction  is  typi- 
cally represented  by  constraining  each  analysis  area  so 
that  not  more  than  25%  of  it  can  be  regeneration  har- 
vested in  any  cutting  period  (decade).  If  the  analysis 
areas  occur  in  somewhat  smaller  blocks  of  land,  then  the 
area  allowed  to  be  regeneration  harvested  in  any  cutting 
period  is  increased  somewhat.  Note  that  not  all  of  an 
analysis  area  need  be  in  one  contiguous  block  for  this 
approach  to  be  appropriate;  it  is  sufficient  for  the  anal- 
ysis area  to  be  comprised  of  several  relatively  large 
blocks.  Some  areas  where  regeneration  and  stand  devel- 
opment are  sufficiently  slow  require  inclusion  of  either 
more  restrictive  constraints  or  more  restrictive  timber 
prescriptions  to  limit  harvesting  in  a  cutting  period  be- 
cause of  adjacent  actions  in  previous  or  future  cutting 
periods.  These  constraints,  taken  as  a  group,  should  sig- 
nificantly reduce  the  DEFE  by  rationing  the  harvest  of 
each  analysis  area  over  several  decades. 

OPTIONS  FOR  SELECTING  A  CASE  STUDY 

Two  very  different  options  are  available  for  develop- 
ing a  case  study  to  assess  the  impact  of  the  DEFE  in  forest 
planning: 

1.  Select  one  (or  possibly  more  if  resources  permit) 
test  case  national  forest  FORPLAN  model,  and 
simulate  the  process  of  repeated  iterations  of  plan- 
ning with  the  model.  This  approach  would  be  most 
useful  for  measuring  the  DEFE  on  the  test  case 
model. 

2.  Select  a  case  study  model  that  is  considerably  sim- 
pler than  a  real  forest  planning  model,  and  simu- 
late certain  aspects  of  FORPLAN  model 
development  in  order  to  measure  their  impact  on 
the  DEFE.  This  approach  would  be  most  useful  for 
developing  a  more  complete  understanding  of  the 
relationship  between  the  process  of  forest  planning 
model  development  and  the  DEFE. 


The  main  advantage  of  the  first  approach  is  that  the 
study  would  be  able  to  make  a  very  specific  statement 
concerning  the  magnitude  of  the  DEFE  for  the  selected 
forest.  This  advantage  would,  however,  be  purchased 
at  a  high  price.  Some  of  the  studies  done  by  the  Policy 
Analysis  Staff  have  used  actual  forest  models  success- 
fully (e.g.,  Ashton  1985).  Experience  indicates  that 
studies  like  this,  where  few  data  values  are  changed  and 
feasibility  cannot  be  violated,  can  be  conducted  in  a 
straightforward  manner.  However,  if  extensive  revision 
of  the  FORPLAN  data  sets  is  involved,  the  process  be- 
comes expensive,  time  consuming,  and  the  completion 
of  the  project  becomes  problematical.  Such  would  be  the 
case  if  one  were  to  iteratively  simulate  the  implementa- 
tion of  forest  plans  over  enough  cycles  of  planning  to 
understand  the  magnitude  of  the  DEFE  for  a  forest. 

In  addition  to  these  general  concerns,  several  specif- 
ic questions  must  be  addressed.  First,  in  the  selection 
of  a  test  case  model,  should  one  attempt  to  select  a  case 
study  which  demonstrates  an  extreme  potential  for  the 
DEFE,  or  one  that  has  an  average  DEFE?  Second,  even 
if  this  concern  is  resolved,  how  does  one  identify  which 
situation  is  present  given  the  current  level  of  understand- 
ing of  the  DEFE?  Clearly,  the  constraints  applied  to  the 
model  will  be  important.  The  relationship  of  profitable 
and  unprofitable  harvests  available  is  also  an  important 
factor.  A  study  like  the  one  proposed  by  the  second 
option  would  help  to  resolve  some  of  these  uncertain- 
ties. In  the  final  analysis,  no  matter  which  type  of  case 
study  forest  one  selects,  it  still  is  a  sample  of  only  one 
observation,  and  thus  any  conclusions  would  be  of  limit- 
ed applicability. 

Even  if  these  specific  questions  can  be  resolved,  the 
technical  problems  associated  with  updating  large  FOR- 
PLAN data  sets  are  formidable.  Substantial  changes  to 
several  sections  of  the  input  data  would  be  needed.  The 
land  base  would  need  to  be  entirely  updated  between 
runs  in  order  to  reflect  the  results  of  the  activities  con- 
ducted during  the  first  period  of  plan  implementation. 
This  process  would  lead  to  a  proliferation  of  both  anal- 
ysis areas  and  prescriptions,  resulting  in  successively 
larger,  more  complex,  and  more  expensive  models. 
Yield  streams  and  economic  data  would  require  updat- 
ing. In  addition,  constraints  are  often  applied  for  the  first 
two  cutting  periods  in  FORPLAN  models,  and  it  is  not 
clear  how  or  if  these  constraints  should  be  modified  or 
eliminated  as  one  proceeds  through  repeated  simulation 
of  planning  cycles.  Clearly,  by  the  time  all  of  the  updat- 
ing is  done  and  certain  assumptions  of  necessity  are  in- 
cluded in  the  updating  process,  it  would  be  difficult  to 
separate  changes  that  occur  because  of  these  assump- 
tions from  changes  that  can  be  attributed  to  the  DEFE. 

The  second  option  available  to  study  the  DEFE  would 
directly  address  the  question,  What  are  the  implications 
for  the  DEFE  of  the  way  FORPLAN  models  are  formu- 
lated? Both  the  situations  on  forests  and  the  FORPLAN 
models  constructed  to  mathematically  represent  these 
situations  are  extremely  variable.  Also,  it  is  clear  that 
certain  frequently  used  constraints,  options,  and  exist- 
ing conditions  can  significantly  affect  the  magnitude  of 
the  DEFE.  With  the  second  option,  a  large  number  of 
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simulations  would  be  possible  with  a  small  test  case 
model,  and  the  resulting  analysis  would  have  general 
applicability  to  the  expected  impact  of  situations  (e.g., 
constraint  sets)  common  in  forest  planning  models.  Ad- 
ditional advantages  are  that  the  cost  would  be  low,  and 
problems  with  ambiguity  and  assumptions  associated 
with  problem  updating  would  be  minimized.  For  these 
reasons,  we  selected  the  second  option  for  this  study. 


CASE  STUDY 
Description 

The  case  study  model  presented  by  McQuillan  (1986) 
for  the  original  analysis  of  the  DEFE  was  selected  as  the 
standard  of  comparison  for  our  analysis.  The  model 
contains  five  analysis  areas,  each  with  1,000  acres  and 
having  identical  site  productivity  and  stocking.  The  pre- 
scriptions allowed  are  clearcutting  and  minimum  level 
management.  The  forest  currently  consists  of  old-growth 
stands  containing  15,000  board  feet  (mbf)  per  acre,  and 
no  net  volume  change  is  expected.  In  the  model,  regener- 
ated stands  are  expected  to  have  no  volume  until  age  70, 
at  which  time  the  volume  becomes  25  mbf  per  acre  and 
does  not  change  as  the  stands  age.  The  price  is  current- 
ly $300  per  mbf,  but  is  expected  to  increase  by  1.5%  per 
year  for  the  next  50  years,  after  which  price  will  not 
change.  The  only  difference  between  analysis  areas  is 
the  cost  associated  with  timber  harvesting.  The  harvest 
costs  are  $170,  $290,  $410,  $530,  and  $650  per  mbf  for 
analysis  areas  1  through  5,  respectively.  These  costs  are 
assumed  to  be  the  same  for  both  old-growth  and  regener- 
ated stands.  The  discount  rate  is  4%,  and  all  costs  and 
revenues  are  assumed  to  occur  at  the  midpoint  of  the  cut- 
ting period.  Land  area,  nondeclining  flow,  and  a  limit 
of  harvest  below  an  exogenously  calculated  long-run  sus- 
tained yield  level  were  the  only  constraints  included  in 
McQuillan's  example.  The  objective  was  to  maximize 
present  net  value  over  a  12-cutting-period  planning 
horizon.  Each  cutting  period  is  10  years  long. 

Analysis  areas  1  and  2  always  provide  positive  value 
harvests;  analysis  areas  3  and  4  start  with  negative  value 
harvests  but  become  positive  in  the  third  and  fifth  de- 
cade, respectively,  because  of  rising  product  value;  anal- 
ysis area  5  can  never  be  harvested  profitably.  See 
McQuillan  (1986)  for  a  more  complete  financial  analy- 
sis of  the  problem. 

The  same  problem  was  formulated  for  this  study  using 
FORPLAN  Version  2  (Johnson  et  al.  1986,  Johnson  and 
Stuart  1987,  Robinson  et  al.  1987).  Because  of  two  differ- 
ences between  the  harvest  scheduling  model  used  by 
McQuillan  and  FORPLAN,  exact  reproduction  of 
McQuillan's  results  was  not  possible.  First,  both  models 
employed  a  long-term  sustained  yield  cap,  but  the 
methods  used  to  calculate  the  cap  were  different.  Sec- 
ond, there  were  minor  discrepancies  in  the  timing 
choices  generated  by  the  two  models.  This  FORPLAN 
model  will  be  referred  to  as  the  "base  model." 

Table  1  compares  McQuillan's  model  and  the  base 
model  for  eight  iterations  or  rounds  of  planning.  The 


Table  1. — First-period  comparison  of  McQuillan's  model  and  the  base 
model  developed  using  FORPLAN  version  2  (volumes  are  mbf). 


Planning 
iteration 

FORPLAN  base  model 

McQuillan  model 

Harvest 

DEFE 

Harvest 

DEFE 

1 

10,000 

10,000 

2 

9,290 

710 

9,522 

478 

3 

9,298 

8,117 

1,405 

4 

5,964 

3,334 

7,047 

1,070 

5 

10,440 

10,308 

6 

10,450 

10,395 

7 

4,545 

5,905 

4,605 

5,790 

8 

16,429 

15,407 

Total  DEFE 

9,949 

8,743 

first-period  harvest  level  is  reported  for  each  planning 
iteration  for  each  model.  The  volume  reduction  observed 
for  each  occurrence  of  the  DEFE  (departure)  is  also 
reported.  The  main  difference  between  the  results  of  the 
base  (FORPLAN)  model  and  McQuillan's  model  are  that 
two  departures  (in  planning  iterations  3  and  4)  in 
McQuillan's  model  are  replaced  by  one  much  larger 
departure  in  the  base  model  (planning  iteration  4).  In 
addition,  the  base  model  has  slightly  greater  total  DEFE 
(EDEFE  =  9,949  mbf)  than  McQuillan's  model  (EDEFE 
=  8,743  mbf).  Otherwise,  the  two  models  provide  very 
similar  results. 

Simulation  Characteristics 

In  all  FORPLAN  forest  planning  models,  one  can  find 
examples  of  constraints  and  initial  conditions  that  af- 
fect the  temporal  and  spatial  application  of  harvests.  In 
this  study,  three  factors  present  in  all  (or  at  least  nearly 
all)  FORPLAN  models  that  might  be  expected  to  inter- 
act with  the  DEFE  are  selected  for  analysis  with  the  case 
study  model: 

1.  Constraints  to  assure  the  maximum  regeneration 
harvest  size  of  40  acres  for  both  existing  and 
regenerated  stands. 

2.  A  modification  of  the  land  base  to  reflect  limited 
previous  harvesting. 

3.  More  realistic  yield  streams  with  thinning  options. 

This  and  all  other  analyses  described  below  are  carried 
out  for  eight  planning  iterations. 

Regeneration  Harvest  Size  Constraint 

To  satisfy  the  NFMA  requirement  that  all  regeneration 
harvests  be  not  larger  than  40  acres,  a  set  of  constraints 
was  applied  to  the  base  model  which  guarantee  that  not 
more  than  25%  of  an  analysis  area  could  be  harvested 
in  any  one  cutting  period.3  This  constraint  set  is  reason- 

3Jim  Merzenich  of  the  Region  6  Regional  Office  of  the  Forest  Service 
indicated  that,  in  his  experience,  these  represent  a  lower  limit  to  the  spatial 
and  temporal  dispersion  constraints  applied  in  forest  planning  models 
for  Forest  Service  Regions  1  (Northern)  and  6  (Pacific  Northwest).  Although 
these  constraints  often  do  not  occur  in  exactly  this  form,  the  net  effect 
is  the  same. 
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able  if  analysis  areas  occur  in  large  contiguous  blocks 
and  it  is  widely  applied  in  forest  planning  models. 

The  results  of  these  simulations  (table  2)  show  that  the 
spatial  dispersion  constraints  have  a  major  impact  on  the 
DEFE.  The  base  solution  has  three  expressions  of  the 
DEFE,  during  planning  iterations  2,4,  and  7,  for  a  total 
of  9,949  mbf.  When  the  spatial  dispersion  constraints 
are  applied  there  is  only  one  expression  of  the  DEFE, 
in  planning  iteration  6  (2,580  mbf).  The  fact  that  the 
departure  occurs  far  into  the  future  when  the  spatial  con- 
straints are  applied  is  both  predictable  and  important. 
It  is  predictable  because  spatial  constraints  ration  each 
analysis  area's  harvest  over  at  least  4  cutting  periods. 
It  is  important  because  a  great  deal  of  uncertainty  is  as- 
sociated with  events  more  than  50  years  in  the  future 
even  without  the  DEFE.  In  other  words,  the  significance 
now  of  a  DEFE  that  far  into  the  future  may  not  be  all  that 
high. 

The  columns  for  total  revenue  also  show  a  more  sta- 
ble pattern  with  the  spatial  dispersion  constraints  than 
in  the  base  runs.  This  suggests  that,  although  (as  shown 
in  table  2}  the  dispersion  constraints  are  quite  expen- 
sive in  present  value  terms,  they  assist  not  only  in  dis- 
tributing harvesting  activities  spatially,  but  also  in 
distributing  revenue  temporally. 


Previous  Harvesting  Constraints 

Few,  if  any,  national  forest  planning  units  exist  where 
previous  harvesting  has  not  occurred.  In  addition,  be- 
cause of  natural  catastrophes  such  as  disease  and  fire, 
forests  composed  entirely  of  old-growth  seldom  occur. 
These  factors  can  have  a  significant  impact  on  the  DEFE. 
Recall  that  if  nondeclining  yield  constraints  are  im- 
posed, the  DEFE  occurs  when  a  harvest  scheduling 
model  uses  negatively  valued  harvests  to  bridge  the  gap 
between  profitable  early  old-growth  harvests  and  prof- 
itable regenerated  stands.  This  gap  can  also  be  bridged 
in  mixed  age  forests  by  harvesting  stands  that  are  young 
at  the  start  of  the  planning  horizon. 


Prior  harvesting  activities  that  modify  the  age  struc- 
ture of  the  forest  will  likely  display  additional  charac- 
teristics that  will  reduce  the  DEFE.  The  areas  where 
previous  harvests  have  occurred  will  tend  to  both 
produce  more  valuable  timber  and  have  lower  harvest- 
ing costs,  thereby  interacting  with  the  DEFE  in  two  ways: 
(1)  the  number  of  available  high-value,  old-growth 
stands  will  be  reduced,  thus  reducing  the  potential  for 
the  DEFE  to  occur;  and  (2)  the  stands  harvested  before 
the  first  planning  iteration  would  tend  to  be  more 
productive  and  thus  have  shorter  rotation  ages  for  the 
regenerated  timber.  These  shorter  rotation  ages  would 
provide  harvests  sooner,  thus  tending  to  fill  the  gap  be- 
tween old-growth  and  regenerated  stands. 

To  simulate  this  situation,  the  land  base  in  the  base 
model  was  modified  to  reflect  assumed  harvesting  of  200 
acres  of  each  of  the  most  profitable  analysis  areas  (1  and 
2)  in  each  of  the  two  preceding  decades.  This  harvest 
of  400  acres  per  decade  is  significantly  less  than  the 
amount  that  would  be  cut  under  strict  area  control 
(where  5,000/7  =  714  acres  final  harvested  per  decade) 
and  also  less  than  the  amount  that  could  be  cut  if  only 
lands  that  are  expected  to  be  profitable  in  the  future  are 
harvested  (where  4,000/7  =  571  acres  final  harvested 
per  decade).  Selecting  the  previous  harvests  from  only 
the  better  sites  is  consistent  with  the  idea  of  previous 
exploitation,  conducted  under  the  premise  that  meeting 
timber  harvest  targets  while  operating  within  a  budget 
was  the  driving  objective.  Previous  harvesting  for  only 
two  decades  was  assumed  because  it  is  representative 
of  conditions  on  many  national  forests. 

Table  3  gives  the  results  of  the  simulations  with  the 
land  base  modified  and,  to  facilitate  comparison,  in- 
cludes the  results  of  the  base  model.  The  modified  land 
base  runs  contain  two  departures  attributable  to  the 
DEFE:  one  in  planning  iteration  2  (1,222  mbf)  and  one 
in  planning  iteration  7  (1,175  mbf),  with  a  total  DEFE 
of  2,397  mbf.  This  modification  of  the  base  model,  which 
imitates  existing  conditions  on  many  forests,  shows  con- 
siderable reduction  of  the  DEFE,  especially  late  in  the 
conversion  process.  On  the  other  hand,  the  harvest 


Table  2.— First-period  comparison  with  spatial  dispersion  constraints  added  (volumes  are  mbf). 


Planning 
iteration 

Spatial  dispersion  model 

FORPLAN  base  model 

Harvest 

Revenue1  DEFE 

Harvest 

Revenue1 

DEFE 

1 

6,068 

0.651 

10,000 

1.532 

2 

7,500 

1.088 

9,290 

1.389 

710 

3 

7,500 

1.540 

9,298 

1.351 

4 

10,080 

2.169 

5,964 

0.736 

3,334 

5 

10,080 

1.636 

10,440 

1.840 

6 

7,500 

1 .209  2,580 

10,450 

1.058 

7 

7,500 

1.209 

4,545 

0.460 

5,905 

8 

13,875 

4.584 

16,429 

7.575 

Totals 

70,111 

14.086  2,580 

76,416 

15.941 

9,949 

Revenue  present  net  value  3.023 


1  Revenue  is  net  first-decade  revenue  reported  in  millions  of  dollars. 
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Table  3.— First-period  comparison  of  the  base  model  with  the  same  model  with  a  modified  land  base 
to  reflect  previous  harvesting  (volumes  are  mbf). 


Planning 

Modified  land  base  model                       FORPLAN  base  model 

iteration 

Harvest 

Revenue1 

DEFE  Harvest 

Revenue1 

DEFE 

1 

6,000 

0.919 

10,000 

1.532 

2 

4,778 

n  7C7 

i  .ooy 

71  n 
/  1  u 

3 

7,215 

1.048 

9,298 

1.351 

4 

7,222 

0.685 

5,964 

0.736 

3,334 

5 

14,259 

1.736 

10,440 

1.840 

6 

14,895 

4.507 

10,450 

1.058 

7 

13,720 

4.390 

1,175  4,545 

0.460 

5,905 

8 

13,720 

4.988 

16,429 

7.575 

Totals 

81,817 

19.040 

2,397  76,416 

15.941 

9,949 

Revenue  present  net  value 

3.173 

3.597 

''Revenue  is  net  first-decade  revenue  reported  in  millions  of  dollars. 

Table  4.- 

•Yield  table  to  demonstrate  the  impact  of  thinnings  and  more  realistic  yield  streams  on  the 

DEFE  (volumes  are  mbf). 

Age 

Stand  volume 

Thin  every  20  years 

Thin  every  30  years 

(no  thinning) 

Thin 

Volume  Thin 

Volume 

(before  thinning) 

10 

0 

0 

0 

20 

0 

0 

0 

30 

10 

10 

10 

40 

13 

13 

13 

50 

17 

4 

17 

17 

60 

21 

17 

5 

21 

70 

25 

4 

21 

20 

80 

28 

21 

24 

90 

31 

4 

25 

5 

27 

100 

34 

25 

25 

110 

36 

4 

28 

28 

120 

38 

27 

5 

31 

130 

39 

4 

30 

29 

140 

40 

29 

32 

decline  in  the  second  planning  iteration  could  be  of  con- 
siderable significance.  As  will  be  seen  below,  occur- 
rences of  the  DEFE  are  delayed  when  a  more  realistic 
forest  planning  situation  is  simulated;  at  least  this  was 
so  for  this  case  study. 


Using  Alternative  Yield  Streams 

Whereas  one  would  expect  that  the  two  modifications 
to  the  base  model  discussed  above  would  reduce  the 
DEFE,  the  effect  of  more  realistic  yield  streams  (i.e., 
those  showing  net  growth)  or  of  prescriptions  that  in- 
clude thinning  are  less  predictable.  On  many  national 
forests,  thinnings  are  used  extensively  on  the  more 
productive  stands.  The  model  could  conceivably  use 
these  intermediate  harvests  to  bridge  the  gap  between 
early  profitable  harvests  and  the  final  harvest  of  regener- 
ated stands,  resulting  in  a  smaller  DEFE.  These  minnings 
also  could  be  used  to  raise  harvest  levels  during  all  plan- 


ning iterations  while  leaving  the  DEFE  essentially  un- 
changed. In  addition,  unprofitable  thinnings  could 
result  in  an  even  greater  DEFE.  For  these  reasons  the 
simulations  presented  in  this  section  should  be  viewed 
as  an  example  rather  than  as  a  general  evaluation  of  the 
impact  of  thinnings  on  the  DEFE. 

Old-growth  yields  were  not  changed.  We  still  assumed 
that  the  forest  is  composed  of  stagnant  stands  with  in- 
ventory of  15  mbf  per  acre.  The  new  yield  streams  for 
regenerated  stands,  all  showing  growth  over  time,  are 
presented  in  table  4.  The  nonintensive  management  re- 
gime produces  10  mbf  at  30  years,  25  mbf  at  70  years 
(the  same  as  in  the  original  example),  and  reaches 
40  mbf  at  140  years.  This  yield  stream  reaches  maximum 
mean  annual  increment  at  70  years  (the  same  as  in  the 
original  example),  the  youngest  age  for  which  regener- 
ation harvests  are  defined.  Two  thinning  regimes  are  in- 
cluded. One  has  initial  entry  at  age  50,  additional  entries 
every  20  years,  and  4  mbf  harvest  per  entry.  The  other 
thinning  regime  has  initial  entry  at  age  60,  additional 
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entries  every  30  years,  and  5  mbf  harvest  per  entry.  The 
minimum  rotation  age  is  70  years  in  both  regimes.  The 
price  of  sawtimber  was  unchanged  from  previous  simu- 
lations, and  cost  of  thinning  harvest  was  assumed  to  be 
20%  higher  than  clearcut  cost,  which  was  also  un- 
changed. 

The  results  of  simulations  using  these  yield  estimates 
and  prescription  options  are  presented  in  table  5.  This 
example  clearly  demonstrates  that  profitable  thinning 
options  can  be  selected  to  bridge  the  gap  without  neces- 
sarily reducing  the  DEFE.  The  harvest  in  the  later  plan- 
ning iterations  (4-8)  is  increased  somewhat,  and  the  total 
DEFE  of  10,749  mbf  is  slightly  higher  than  the  base 
model  DEFE  of  9,949  mbf. 


A  More  Realistic  Forest  Planning 
Model  Simulation 

To  more  closely  simulate  a  realistic  forest  planning 
model,  the  first  two  modifications  (harvest  size  con- 
straints and  previous  harvesting)  were  incorporated  in 
the  same  model.  The  third  modification  was  not  in- 
cluded because  of  the  arbitrariness  of  using  any  specif- 
ic yield  stream  and  its  associated  cost  assumptions. 
While  this  model  more  closely  corresponds  to  an  actual 
planning  situation,  it  is  important  to  recognize  that,  in 
reality,  both  many  more  types  of  constraints  and  a  land 
base  with  more  age,  species,  and  productivity  classes 
would  be  encountered. 

The  simulation  results  for  this  model  are  presented  in 
table  6.  The  DEFE  did  not  occur  in  this  model  until  plan- 
ning iteration  7,  and  then  it  was  quite  minor  (212  mbf). 
In  planning  iteration  8,  a  relatively  severe  DEFE  of  3,748 
mbf  occurred,  after  which  (not  shown  in  the  table)  the 
harvest  returned  to  a  level  just  below  that  of  planning 
iteration  7.  The  sharp  drop  in  planning  iteration  8  result- 
ed because  of  two  factors.  First,  a  250-acre  analysis  area 
was  the  only  land  harvested  in  planning  iteration  1,  so 
only  250  acres  of  regenerated  stands  were  available  for 
harvest  seven  decades  later.  Second,  the  acres  regener- 
ated before  the  first  iteration  of  forest  planning  had  been 
harvested  in  iterations  6  and  7,  thus  leaving  no  previ- 
ously regenerated  lands  available  for  harvest. 

Table  5.— First-period  results  of  model  simulations  using  modified  yield 
information  (volumes  are  mbf). 


Planning 
iteration 

FORPLAN  base  model 
Harvest  DEFE 

Modified  yields  model 
Harvest  DEFE 

1 

10,000 

10,000 

2 

9,290 

710 

9,890 

110 

3 

9,298 

6,182 

3,708 

4 

5,964 

3,334 

5,480 

702 

5 

10,440 

13,455 

6 

10,450 

13,074 

381 

7 

4,545 

5,905 

7,226 

5,848 

8 

16,429 

15,655 

Total  DEFE 

76,416 

9,949 

80,962 

10,749 

Applying  a  Harvest  Floor 

Simulations  to  evaluate  use  of  a  first  cutting  period 
constraint  (a  harvest  floor)  were  run  for  four  of  the 
models.  These  constraints  require  that  first-period  har- 
vest be  at  least  as  great  as  first-period  harvest  in  the 
previous  planning  iteration  for  each  of  the  eight  itera- 
tions. The  models  to  which  a  harvest  floor  was  applied 
are: 

1.  The  base  model  (table  7). 

2.  The  model  with  spatial  dispersion  constraints  (ta- 
ble 8). 

3.  The  modified  land  base  model  (table  9). 

4.  The  more  realistic  forest  planning  model  with  both 
spatial  dispersion  constraints  and  modified  land 
base  (table  10). 

For  ease  of  comparison,  the  simulation  results  when  no 
floor  is  imposed  are  also  repeated  in  the  tables  showing 
simulation  results.  The  analysis  demonstrates  the  cost 
for  each  of  the  models  tested  of  satisfying  the  intent  of 
both  the  Multiple-Use  Sustained-Yield  Act  (P.L.  86-517) 
and  the  NFMA  which  direct  that  national  forests  pro- 
vide a  nondeclining  flow  of  wood  products  to  society 
over  time  (i.e.,  the  cost  of  eliminating  any  possibility 
of  a  DEFE). 

The  cost  of  imposing  the  harvest  floor  as  measured  by 
the  present  value  of  actions  taken  in  the  first  eight  plan- 
ning iterations  was  quite  modest  in  all  of  these  models. 
The  low  magnitude  of  this  cost  can  be  explained  by  the 
financial  characteristics  of  analysis  area  5  which  could 
never  be  harvested  profitably.  However,  it  did  not  have 
a  large  negative  value  when  it  was  finally  harvested  be- 
cause, after  50  years  of  stumpage  value  increases,  the 
net  harvest  value  per  acre  in  decades  6,  7,  and  8  was 
a  loss  of  only  $282.  The  relative  magnitude  of  the  pres- 
ent value  loss  for  the  solutions  presented  can  be  further 
explained  by  the  fact  that  many  of  the  occurrences  of  the 
DEFE  seen  in  the  earlier  simulations,  and  that  are 
prevented  by  the  harvest  floor,  happen  during  later  plan- 
ning iterations. 

Table  7  shows  that  applying  a  harvest  floor  to  the  base 
model  results  in  a  loss  of  present  net  value  of  only 
1.11%.  However,  the  revenue  figures  by  planning  iter- 
ation clearly  show  the  problem  that  McQuillan  empha- 
sizes. In  order  to  maintain  harvest  levels  in  planning 
iteration  7,  the  only  available  timber  is  in  the  unprofit- 
able analysis  area  (AA5).  This  results  in  a  negative  cash 
flow  of  $188,000  for  planning  iteration  7,  a  situation  that 
may  be  unacceptable.  In  general,  such  large  decreases 
in  revenue  over  time  could  be  disruptive  to  the  Forest 
Service. 

Table  8  presents  analogous  information  for  the  spa- 
tial dispersion  analysis.  The  proportionate  loss  in 
present  value  associated  with  application  of  the  timber 
harvest  floor  is  0.33%,  or  less  than  one-third  of  the  loss 
present  in  the  base  model.  The  revenue  flows  in  these 
simulations  are  much  more  uniform  from  iteration  to 
iteration  than  are  those  in  the  base  model.  Although  172 
acres  of  analysis  area  5  are  harvested  at  a  loss  in  each 
of  iterations  6  and  7,  the  spatial  dispersion  constraints 
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Table  6.— First-period  comparison  of  the  base  model  with  the  more  realistic  forest  planning  model 
used  by  the  Forest  Service  (volumes  are  mbf). 


Planninn 

i   lal  ll  111  iy 

Forest  planning  model 

FORPLAN  base  model 

iteration 

Harvest 

Revenue1  DEFE 

Harvest 

Revenue1 

DEFE 

1 

3,750 

0.574 

10,000 

1.532 

6,592 

1.010 

9,290 

1.389 

710 

3 

6,593 

0.924 

9,298 

1.351 

4 

6,600 

0.968 

5,964 

0.736 

3,334 

5 

7,500 

0.872 

10,440 

1.840 

6 

14,740 

4.942 

10,450 

1.058 

7 

14,528 

4.614  212 

4,545 

0.460 

5,905 

8 

10,780 

3.435  3,748 

16,429 

7.575 

Totals 

71,083 

19.207  3,960 

76,416 

15.941 

9,949 

Revenue  present  net  value 

2.887 

3.597 

^Revenue  is  net  first-decade  revenue  reported  in  millions  of  dollars. 

Table  7. 

—First-period  comparison  with  a  harvest  floor  applied  (volumes  are  mbf)- 

Planning 

Without  harvest  floor 

With  harvest  floor 

iteration 

Harvest 

Revenue1 

DEFE 

Harvest 

Revenue1 

1 

10,000 

1.532 

10,000 

1.532 

2 

9,290 

1.389 

710 

10,000 

1.450 

3 

9,298 

1.351 

10,000 

1.453 

4 

5,964 

0.736 

3,334 

10,000 

0.949 

5 

10,440 

1.840 

10,000 

1.162 

6 

10,450 

1.058 

10,000 

1.012 

7 

4,545 

0.460 

5,905 

10.0002 

-0.188 

8 

16,429 

7.575 

16,667 

7.687 

Totals 

76,416 

15.941 

9,949 

86,667 

15.057 

Revenue  present  net  value3 

3.597 

3.557 

1  Revenue  is  net  first-decade  revenue  reported  in  millions  of  dollars. 

2667  acres  of  analysis  area  5  are  harvested  at  a  loss. 

3Reduction  in  discounted  revenue  over  first  eight  planning  iterations  resulting  from  harvest  floor  = 

1.11%. 

Table  8.— First-period  comparison  with  spatial  dispersion  constraints  with  the  same  model  with  a  har- 

vest  floor  applied  (volumes  are  mbf). 

Planning 

Without  harvest  floor 

With  harvest  floor 

iteration 

Harvest 

Revenue1 

DEFE 

Harvest 

Revenue1 

1 

6,068 

0.651 

6,068 

0.651 

2 

7,500 

1.088 

7,500 

1.088 

3 

7,500 

1.540 

7,500 

1.540 

4 

10,080 

2.169 

10,088 

2.169 

5 

10,080 

1.636 

10,080 

1.636 

6 

7,500 

1.209 

2,580 

10.0802 

1.160 

m  i 

7,500 

1.209 

10.0802 

1.160 

8 

13,875 

4.584 

13,875 

4.584 

Totals 

70,111 

14.086 

2,580 

75,271 

13.988 

Revenue  present  net  value3 

3.023 

3.013 

1  Revenue  is  net  first-decade  revenue  reported  in  millions  of  dollars. 
2172  acres  of  analysis  area  5  are  harvested  at  a  loss  in  each  of  these  planning  iterations. 
^Reduction  in  discounted  revenue  over  first  eight  planning  iterations  resulting  from  harvest  floor  = 
0.33%. 
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Table  9. — First-period  comparison  of  the  modified  land  base  model  with  the  same  model  with  a  har- 
vest floor  applied  (volumes  are  mbf). 


Planning 

Without  harvest  floor 

With  harvest  floor 

iteration 

Harvest 

Revenue1 

DEFE 

Harvest 

Revenue1 

1 
2 
3 
4 
5 
6 
7 
8 

6,000 
4,778 
7,215 
7,222 
14,259 
14,895 
13,728 
13,720 

0.919 
0.767 
1.048 
0.685 
1.736 
4.507 
4.390 
4.988 

1,222 
1,175 

6,000 
u,uuu 
6,000 
7,222 
14,250 
14,250 
14,250 
14.2502 

0.919 
u.o  /  u 
0.872 
0.685 
1.736 
4.443 
4.442 
4.532 

Totals 

81,817 

19.040 

2,397 

82,222 

18.499 

Revenue  present  net  value3 

3.173 

3.136 

^Revenue  is  net  first-decade  revenue  reported  in  millions  of  dollars. 
2285  acres  of  analysis  area  5  are  harvested  at  a  loss. 

^Reduction  in  discounted  revenue  over  first  eight  planning  iterations  resulting  from  harvest  floor  = 
1.17%. 

Table  10.— First-period  comparison  of  the  more  realistic  forest  planning  model  with  the  same  model 
with  a  harvest  floor  applied  (volumes  are  mbf). 

Planning 
iteration 

Without  harvest  floor 

With  harvest  floor 

Harvest 

Revenue1 

DEFE 

Harvest 

Revenue1 

1 
2 
3 
4 
5 
6 
7 
8 

3,750 
6,592 
6,593 
6,600 
7,500 
14,740 
14,528 
10,780 

0.574 
1.010 
0.924 
0.968 
0.872 
4.942 
4.614 
3.435 

212 
3,748 

3,750 
6,592 
6,593 
6,600 
7,500 
14,740 
14,740 
14.7402 

0.574 
1.010 
0.924 
0.968 
0.872 
4.942 
4.610 
3.410 

Totals 

71 ,083 

19.207 

3,960 

75,255 

17.310 

Revenue  present  net  value3 

2.887 

2.886 

1  Revenue  is  net  first-decade  revenue  reported  in  millions  of  dollars. 
2250  acres  of  analysis  area  5  are  harvested  at  a  loss. 

^Reduction  in  discounted  revenue  over  first  eight  planning  iterations  resulting  from  harvest  floor  = 
0.03%. 


conserve  enough  valuable  timber  and  limit  the  harvest 
of  stands  that  cannot  show  a  profit  to  levels  that  still  pro- 
vide significant  ($1.16  million)  revenue  in  these  plan- 
ning iterations. 

Table  9  presents  analogous  information  for  the  modi- 
fied land  base  simulations.  The  proportionate  loss  in 
present  value  associated  with  application  of  the  harvest 
floor  is  the  largest  of  the  four  models  examined.  The  rea- 
son the  loss  is  so  large  relates  to  the  early  timing  of  the 
largest  expression  of  the  DEFE.  Initially  there  is  a 
reduced  amount  of  highly  profitable  timber;  consequent- 
ly, a  departure  of  1,222  mbf  occurs  in  planning  itera- 
tion 2.  The  effect  of  the  floor  increases  the  harvest  so 
much  above  optimal  levels  early  in  the  process  that  the 
effects  of  discounting  cause  a  relatively  large  impact  on 
the  revenue  present  value.  However,  the  sequence  of 
cash  flows  did  not  display  the  dramatic  decreases  shown 
in  tables  7  and  8. 


Table  10  provides  analogous  information  for  the  more 
realistic  forest  planning  model  simulations.  The  propor- 
tionate reduction  in  present  value  resulting  from  appli- 
cation of  the  harvest  floor  was  quite  small,  being  only 
0.03%  as  compared  with  a  reduction  of  1.11%  in  the 
base  model.  In  addition,  the  revenue  was  fairly  stable 
over  time  in  the  sense  that  large  proportionate  decreases 
were  not  observed. 

Two  inferences  can  be  made  from  the  results  of  the 
harvest  floor  simulations.  First,  even  when  the  harvest 
floor  is  applied,  the  nature  of  the  constraints  in  Forest 
Service  models  insures  that  first  period  revenues  will 
to  be  more  uniform  than  is  the  case  in  the  unconstrained 
model  portrayed  by  McQuillan  (tables  8-10  vs.  7).  Sec- 
ond, these  constraints  also  result  in  a  significant  reduc- 
tion in  the  cost  of  the  harvest  floor  in  the  simulation  most 
representative  of  Forest  Service  planning  models  (table 
10  vs.  7). 
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SUMMARY  AND  CONCLUSIONS 

The  case  study  developed  in  this  report  clarifies  sever- 
al aspects  of  the  DEFE.  Although  the  DEFE  can  and  will 
occur  in  future  national  forest  plan  updates,  its  expect- 
ed magnitude  can  be  significantly  reduced  by  the  charac- 
teristics of  the  Forest  Service  planning  process.  Three 
factors  were  found  to  have  a  large  impact  in  nearly  all 
forest  planning  models: 

1.  Spatial  and  temporal  dispersion  constraints  tend 
to  apportion  harvest  from  an  analysis  area  over 
several  cutting  periods,  rather  than  allowing  im- 
mediate complete  exploitation. 

2.  The  initial  timber  age  class  distribution  typically 
includes  many  stands  regenerated  before  the  start 
of  the  planning  process.  These  become  available 
for  harvest  in  the  decades  between  early  harvest  of 
profitable  old-growth  stands  and  eventual  harvest 
of  stands  regenerated  during  the  first  or  later  itera- 
tions of  planning. 

3.  Many  forest  plans  assume  increasing  product 
prices  in  the  early  part  of  the  planning  horizon. 
This  allows  additional  analysis  areas  to  become 
profitable  during  the  early  decades  of  the  planning 
horizon,  helping  to  bridge  the  potential  harvest  gap 
between  profitable  old-growth  liquidation  and  har- 
vest of  regenerated  stands. 

In  addition,  the  average  forest  planning  model  is  very 
highly  constrained  in  order  to  address  local  issues,  and 
many  of  these  constraints  may  also  interact  to  inhibit  the 
DEFE.  Because  of  the  local  nature  of  these  issues,  their 
impact  was  not  (and  could  not  be  in  general)  evaluated 
in  this  study. 

One  factor  we  expected  would  reduce  the  DEFE  may 
not,  in  general,  do  so.  FORPLAN  models  often  select 
many  prescriptions  that  involve  thinning  harvests.  In  ad- 
dition, these  thinnings  are  often  concentrated  in  the  cut- 
ting periods  between  liquidation  of  the  old  growth  and 
the  final  harvest  of  regenerated  stands.  Thus,  it  seems 
plausible  that  the  use  of  profitable  thinnings  can  bridge 
the  gap  between  old-growth  liquidation  and  terminal 
harvest  of  regenerated  stands.  The  case  study  developed 
above  shows  that  extensive  use  can  be  made  of  profita- 
ble intermediate  harvests  without  significantly  reducing 
the  DEFE. 

The  case  study  demonstrates  the  relationship  between 
certain  aspects  of  the  planning  process  used  by  the  Forest 
Service  and  the  DEFE.  This  increased  understanding  can 
be  used  to  identify  forests  at  high  risk  of  severe  DEFE. 
The  potential  problem  should  be  recognized  and  ad- 
dressed in  the  planning  process. 

FORPLAN  formulations  that  directly  address  the  op- 
tion of  departures  are  needed.  The  current  approach  in 
forest  planning  is  to  allow  limited  increases  or  decreases 
in  planned  periodic  harvest  levels.  Figure  1  shows  ex- 
amples of  this  type  of  alternative  (alternatives  M  and  N) 
for  the  Kootenai  National  Forest.  However,  these  "limit- 
ed departures"  are  often  not  viable  options.  In  the  ab- 
sence of  other  constraints,  and  with  a  predominantly 
old-growth  forest,  the  harvest  scheduling  model  would 


select  a  high  initial  harvest  level  followed  by  a  series  of 
harvest  reductions  in  later  cutting  periods.  This  se- 
quence of  harvest  levels  would  allow  much  faster  liqui- 
dation of  the  old-growth,  but  at  the  cost  of  repeated 
departures.  The  repeated  departures  would  be  very  hard 
to  justify  in  practice. 

A  more  appropriate  analysis  could  be  developed  by 
future  research  to  address  the  question  of  planned 
departures.  There  are  several  desirable  characteristics  for 
a  more  robust  analysis  of  departures.  First,  the  analysis 
should  address  the  option  of  allowing  future  departures 
within  the  current  iteration  of  planning.  Second,  the  ap- 
proach should  allow  specification  of  the  maximum  num- 
ber of  departures  that  would  be  acceptable.  In  practice, 
this  number  would  be  quite  small  (one  or  two),  rather 
than  the  repeated  harvest  reductions  resulting  from  the 
current  "limited  departures"  analysis.  Third,  the  tim- 
ing of  the  departures  should  be  optimally  scheduled. 
And,  fourth,  the  analysis  should  allow  the  maximum 
magnitude  of  each  departure  to  be  specified. 

A  much  more  complete  and  appropriate  analysis  of 
the  question  of  future  departures  would  be  possible  if 
a  FORPLAN  option  with  these  characteristics  were  avail- 
able. Analysis  using  this  tool  could  directly  address  the 
DEFE.  In  addition,  other  vexing  issues  of  the  forest  plan- 
ning process,  such  as  the  allowable  cut  effect  and  es- 
timating the  opportunity  cost  of  the  nondeclining  yield 
constraints,  could  be  addressed. 
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Staff,  that  make  up  the  Forest  Service  research 
organization. 

RESEARCH  FOCUS 

Research  programs  at  the  Rocky  Mountain 
Station  are  coordinated  with  area  universities  and 
with  other  institutions.  Many  studies  are 
conducted  on  a  cooperative  basis  to  accelerate 
solutions  to  problems  involving  range,  water, 
wildlife  and  fish  habitat,  human  and  community 
development,  timber,  recreation,  protection,  and 
multiresource  evaluation. 


RESEARCH  LOCATIONS 

Research  Work  Units  of  the  Rocky  Mountain 
Station  are  operated  in  cooperation  with 
universities  in  the  following  cities: 


Albuquerque,  New  Mexico 

Flagstaff,  Arizona 

Fort  Collins,  Colorado* 

Laramie,  Wyoming 

Lincoln,  Nebraska 

Rapid  City,  South  Dakota 

Tempe,  Arizona 


'Station  Headquarters:  240  W.  Prospect  St.,  Fort  Collins,  CO  80526 


